Abstract. We present a delay-line polarization Sagnac (1) interferometer that utilizes the increased laser power which will likely be available to future advanced detectors (2) to greatly simplify many laser and interferometer control requirement. We describe how the signal sidebands and the local oscillator are made common path by using a polarizing beamsplitter and controlling the circulating light's polarization state. The common path nature of the interfering beams simplify alignment, reduce the interferometer control effort, and lower the laser amplitude and frequency stability requirements by 6 orders of magnitude over a frontally modulated Michelson interferometer. We present experimental verifications of the robustness of this configuration, which was implemented on a 2m tabletop interferometer
The advantage of common mode noise rejection of the Sagnac interferometer due to the symmetry of the counter-propagating beam's paths is extended by utilizing the beamsplitter in a symmetric fashion. Detection of the dark fringe of interference on the symmetric port of the beamsplitter is achieved in a polarization Sagnac interferometer by using a polarization beamsplitter to split the input light into two polarization components which counter-propagate around the interferometer loop. An in-loop polarization-changing element, such as a half wave plate oriented at 45° with respect to the polarizing beamsplitter axis, swaps the polarization states of the counterpropagating beams. The reflected polarization is then transmitted upon reencountering the beamsplitter, and the transmitted polarization is then reflected.
The polarization state of the output is effected by any relative phase delay between the two polarization components inside the interferometer loop. In this way the measurement of differential phase is transformed into a measurement of polarization ellipticity. The polarization state of the output beam is given by the Jones vector representing transmission through the entire optical system "°
Signal out FIGURE 1. The layout of the polarization Sagnac interferometer. The polarization of the input light is set by HWPi to have equal components of s and p polarization. A phase delay between these components as they propagate in opposite directions around the interferometer loop produces a polarization component that is separated from the output light by PBSi.
where P is the Jones matrix representing PBS2 and W is the Jones matrix representing the HWP 2 . The superscript t represents transmission through, and r represents reflection from, the polarizing beamsplitter. When the input polarization is linear at 45° the output polarization is elliptical (2) with the minor axis of the ellipse the difference between the interfering beams and the major axis of the ellipse the sum of the interfering beams. The output is resolved into polarization components along the principle axes of the ellipse. The dark polarization, the minor axis of the ellipse, contains the signal field and is a measure of the phase shift. The bright polarization, the major axis of the ellipse, is the carrier field and contains most of the power.
The polarization ellipticity is measured by using a polarizing beamsplitter with imperfect contrast to separate the dark polarization from the output light. The beamsplitter leaks a bit of the bright polarization for use as a local oscillator in a heterodyne detection scheme. The orthogonallity of the local oscillator and the signal polarization allow waveplates to be used to set the relative phase of the local oscillator. Heterodyne sidebands are added by modulating only the local oscillator polarization. The polarization components are mixed by a properly oriented polarizing beamsplitter to produce the sum and difference of the dark fringe and the local oscillator for balanced detection. The sensitivity of an interferometer to fluctuations of the input laser amplitude and frequency is directly related to the asymmetric path length between the interfering beams. For an asymmetric path length of AL, a laser frequency n, and intensity Io, the conversion of laser frequency (3) and laser intensity noise to output phase noise is
Both are directly proportional to the asymmetry in the path length between the interfering beams. For a polarization Sagnac interferometer this asymmetry can be made on the order of a wavelength, 6 orders of magnitude smaller than the 1m asymmetry length considered for generating a length-sensing signal in a Michelson interferometer (4). This results in an interferometer virtually insensitive to input amplitude and frequency fluctuations.
The common optical path of the local oscillator with the signal sidebands eliminates the need to actively control the phase or the alignment of the local oscillator. The phase relation between the interfering beams is constant and does not need to be controlled, nor does the longitudinal position of the core optics outside of the measurement band.
Another advantage offered by the polarization Sagnac interferometer is that the collinearity of the input and output beams allows a spatial filter to be placed between the laser and the interferometer to select a single spatial mode for input into the interferometer and output to the detector. By using a single spatial filter in such a reciprocal fashion the maximum overlap between the input and output spatial modes is achieved.
We have demonstrated a 2m arm length polarization Sagnac interferometer with 75-bounce delay lines in each arm. The input frequency was modulated by an electrooptic modulator placed between the laser and the interferometer. The output of the interferometer was seen to be insensitive to the input frequency modulation.
• FIGURE 4. Measurement of the frequency noise suppression of the polarization Sagnac interferometer. A broadband phase modulation is imposed on the input light to the interferometer with a modulation depth of 2.5 rad. The output power levels are calibrated to an amplitude modulated signal with a modulation depth of 0.005. The measurement bandwidth is 9.1 kHz. The dotted line is the electronic noise floor of the interferometer. The difference between the two traces represents the conversion of the 2.5 rad of input frequency noise to amplitude noise on the detector.
